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Abstract

The length of the photoperiod has been implicated as affecting growth of sunshine bass. This study

was done to determine if photoperiod length might affect insulin-like growth factor-I (IGF-I), which is

a major hormonal regulator of growth in fish. Growth, feed conversion, peritoneal fat content, and

plasma concentrations of IGF-I of sunshine bass were compared on fish held on a short (8 h) or a long

(16 h) photoperiod, or after the fish were switched from one photoperiod to the other. Fish were fed

daily to apparent satiation for up to 5 wk and were not fed for the last 2 wk of the experiment. Body

weight and intraperitoneal fat content increased for the first 2 wk of the experiment and then

remained steady for the remainder of the experiment, and feed consumption decreased from 3.5%

during the first 2 wk to about 1.5% for the second 2 wk and finally to only 1% during the last week of

feeding. Plasma IGF-I concentrations fell steadily during the entire experiment and was at the lowest

level during the last 2 wk when the fish were not fed. There was no consistent effect of the photoperiod

in any of the conditions; however, feeding and IGF-I concentrations were affected by fish density.

Environmental conditions required for the
successful culture of hybrid striped bass are
fairly well understood (Tomasso 1997), as are
the lethal concentrations of toxic by-products
of fish metabolism such as ammonia (Openborn
and Goudie 1993; Weirich et al. 1993). The
impact of environmental conditions on physio-
logical growth regulators is less well under-
stood. If physiological measurements reflect
the growth of fish, evaluation of culture condi-
tion could be accomplished much quicker and
cheaper than lengthy growth studies. In outdoor
culture situations, management for optimum
conditions is limited by the changing of the sea-
sons and cost constraints. In recirculating or
flow-through culture, environmental conditions,
such as temperature and photoperiod, can be
more easily regulated. Palmetto bass (striped

bass female 3 white bass male) had higher sur-
vival in shaded aquariums and ponds than in
nonshaded aquariums and ponds (Rees and
Cook 1985). Palmetto bass have also been
shown to grow faster during increasing rather
than decreasing photoperiods in fiberglass tanks
(Woiwode and Adelman 1991) and in ponds
(Kerby 1993). The length of the photoperiod

can easily be manipulated in intensive culture

and might be an important environmental condi-

tion that could be easily manipulated with little

additional cost to producers.
Fish growth is most directly affected by feed

nutrients and the amount of feed consumed.

The major endocrine axis controlling growth is

regulated by the pituitary/liver/somatic axis.

Growth hormone from the pituitary stimulates

the liver to synthesize and release insulin-like

growth factors (IGF-I and IGF-II) from the liver.

IGF-I is a powerful mitogenic factor that helps

maintain cell number by reducing apoptosis

and is considered the most important hormonal

growth regulator in mammals (Lupu et al.

2001). Extensive reviews of this axis in fish have

been published (Duan et al. 1999; Moriyama

et al. 2000; Kelley et al. 2001). Plasma IGF-I

concentrations have been correlated with
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growth rate in aquacultured fish, and plasma
IGF-I has been suggested as a tool for assessing
the growth potential of new diets (Dyer et al.
2003). Plasma IGF-I increases with temperature
in sunshine bass (Davis, unpublished data) and
may be useful in identifying culture conditions
that promote growth.

This study was undertaken to determine the
effect the length of the photoperiod has on feed
intake, growth, intraperitoneal fat (IPF) storage,
and plasma IGF-I concentrations.

Materials and Methods

Sunshine bass is a hybrid produced by cross-
ing a female white bass, Morone chrysops, with
a male striped bass, Morone saxatilis. Thirty
sunshine bass about 2 yr old and weighing
132.7 6 19.4 g (mean 6 SD) were randomly
stocked into each of four round 700-L tanks.
Two tanks were held on a l6 h light : 8 h dark
(long) and two on an 8 h light : 16 h dark (short)
photoperiod and supplied with single-use
flow-through well water at 23 C. The light
intensity at the water level averaged 7.06 lx.
Fish were fed with a 45% protein floating com-
mercial feed (Silver Cup, Murray, UT, USA) to
satiation once a day at the beginning of the
photoperiod. Satiation was determined by feed-
ing the fish by hand until 1 min passed during
which no feeding occurred with feed present
in the tank. The amount of feed eaten each day
was weighed and expressed as the percent of
the body weight per day eaten based on the last
weighing. The study ran for 7 wk beginning on
April 2 and concluded on May 21. Fish were fed
for the first 5 wk, and each fish was weighed
weekly starting with Week 2. At the end of the
third week, one long-photoperiod tank was
exposed to a short photoperiod and one short-
photoperiod tank was exposed to a long photo-
period. At the end of the fifth week of feeding,
the fish were fasted for the next 2 wk and
weighed at the end of each week.

Sample collection started the second week;
six unanesthetized fish from each treatment
were bled, the blood centrifuged, and the plasma
frozen for later analysis. The IPF was deter-
mined and expressed as the percent of the
body weight (Gaylord and Gatlin 2000). Plasma

IGF-I concentrations were determined by radio-
immunoassay (GroPep Inc., Adelaide, Australia)
previously validated for sunshine bass (Davis
and Peterson 2005).

The experimental unit for all the statistical
tests was the individual fish. The means of a
parameter by week were compared among the
various treatments by ANOVA. Significant sub-
groups (P , 0.05) were identified by Tukey’s
multiple range test when a significant AOV
was indicated.

Results and Discussion

During the first 3 wk of the experiment, the
fish grew rapidly from about 140 g to about
250 g. Fish growth in all experimental condi-
tions slowed markedly, and average fish weight
remained about 250 g for the rest of the experi-
ment. There were no differences among the
treatment groups at any time during the ex-
periment that was due to the photoperiod
(Fig. 1). An interaction of temperature and pho-
toperiod has been reported to have significant
effects on growth of hybrid striped bass, and
faster growth occurred at higher temperatures
and increasing photoperiods (Woiwode and
Adelman 1991).

Feed consumption was about 3.5% of the
body weight per day for first 2 wk of the exper-
iment and then dropped to 2% the third week
and continued to fall until feed consumption
was only about 1% the fifth week of the experi-
ment when feeding was halted (Fig. 2). The
number of fish decreased each week because
six fish were removed from each treatment to
estimate body composition, and the feeding
intensity decreased when the density of the fish
decreased. Photoperiod alone does not appear to
have an effect on growth or feed consumption.
In spite of the fish not receiving any food during
the last 2 wk of the experiment, average fish
weight was not dramatically affected although
the number of fish was much smaller by the
end of the experiment.

IPF also increased during the first 3 wk of the
experiment and then remained at around 6% of
the body weight throughout the remainder of
the experiment. IPF was apparently not mobi-
lized during the 2 wk of no feeding (Fig. 3).
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FIGURE 2. Intraperitoneal fat (IPF) from fish held under conditions described in Figure 1.

FIGURE 1. Body weight of fish held under a 16-h (long), 8-h (short), changed from a long to a short (long . short),

or changed from a short to a long (short . long) photoperiod after 3 wk. Fish were fed to satiation once a day for

5 wk. Fish were not fed during the last 2 wk. The number of fish in each sample treatment is shown beneath

each bar.
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FIGURE 3. Feed consumption expressed as percent of the body weight per day for fish held under condition described in

Figure 1.

FIGURE 4. Plasma insulin-like growth factor I (IGF-I) concentrations in fish held under condition described in Figure 1.

Letters above each bar represent significantly different subsets by Tukey’s multiple range test at P , 0.05.
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Energy reserves from some other tissues, such
as the liver, must have supplied enough energy
to support the fish. There was no effect due to
the photoperiod.

IGF-I generally decreased during the ex-
periment, but there was no consistent effect of
photoperiod on IGF-I during the experiment
(Fig. 4). Fish on a long photoperiod after 5 wk
had a significantly higher IGF-I concentration
than any of the other groups, but the lack of a con-
sistent IGF-I pattern leads us to consider this one
difference an anomaly. IGF-I concentrations dur-
ing the last 2 wk of the experiment were lower,
but not dramatically so, than the previous week
when the fish were fed. There were no consistent
differences in IGF-I concentrations among any of
the photoperiod treatments.

Light intensity affects fish; however, it was
thought that the effect of direct sunlight did
not afford the fish an opportunity to find cover
because partial shading improved survival (Rees
and Cook 1985). Most of the studies of effects of
photoperiod and temperature have shown a
strong interaction between the two environmen-
tal stimuli. A changing photoperiod influenced
the growth rate and optimum temperature for
growth in palmetto bass (Woiwode and Adelman
1991). A possible advantage of a long pho-
toperiod might be observed if the fish were fed
more than one time of day. A long photoperiod
would allow a longer time between feedings
and result in more food taken by the fish. The
lowering of the density of the fish in the tank
each week might also have changed the feeding
intensity by decreasing feeding aggressiveness.
Decreased feeding aggressiveness when hybrid
striped bass fish were held at low densities has
been observed by Steve Rawles (personal com-
munication), and a similar relationship has been
described for other species (Kaiser et al. 1995,
as cited in Kestemont and Baras 2001). The
present data suggest that photoperiod alone
has no significant effect on feed consumption,
growth, or plasma IGF-I concentrations in sun-
shine bass held at 23 C.
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